Abstract. Spica Prunellae is the spike of the herb Prunella vulgaris L. in traditional Chinese medicine which is often used for the treatment of various cancers including colorectal cancer. In the present study, we found that a key tumor suppressor, microRNA-34a (miR-34a) is involved in the antitumor activity for Spica Prunellae. Human colon carcinoma HCT-8 cells treated with an ethanol extract of Spica Prunellae (EESP) had significantly decreased cell proliferation and viability, in a dose-dependent manner. Flow cytometry analysis with Annexin V/PI staining analysis revealed that EESP treatment could induce apoptosis of HCT-8 cells. The level of miR-34a was upregulated in HCT-8 cells following EESP treatment, whereas expression levels of its target genes Notch1, Notch2 and Bcl-2 were downregulated. Inhibition of miR-34a rescued the expression of these target genes. These results revealed that Spica Prunellae can suppress the growth of HCT-8 cells by targeting Notch1, Notch2 and Bcl-2 via activation of miR-34a.
Introduction
Colorectal cancer (CRC) is characterized by the formation of malignant tumors in the colon or rectum. Recently, there have been a notable decrease in the incidence rates of CRC, which can be largely attributed to improvements in screening techniques, allowing early detection and removal of precancerous polyps (1) . Nevertheless, morbidity and mortality for CRC is still the 5th most malignant tumor in China (2) and the 3rd of cancer-related deaths in the USA (1) . Clinical treatment of CRC usually involves surgery, chemotherapy, radiation therapy and palliative care, depending on the patient status and tumor characteristics (3) . Such treatments are often painful and expensive, and are associated with a high risk of postoperative recurrence and tumor metastasis. Therefore, there is urgent need to discover safer, cheaper and more effective methods of treatment for colorectal cancer.
In Western herbal medicine, Prunella vulgaris L. is a well known herb for self healing. Similarly, in traditional Chinese medicine (TCM), the spike of Prunella vulgaris L. termed Spica Prunellae, is often used for the prevention and remedy of various illnesses (4) . The chemical components of Spica Prunellae contain various bioactive compounds including triterpenes, flavonoids, phenolic compounds and carbohydrates (5) (6) (7) (8) . Among these, oleanolic acid is associated with anticancer (9-11) and anti-inflammatory (12) properties, ursolic acid has shown anti-allergic and anti-inflammatory activities (11, 13) , rosmarinic acid has demonstrated antioxidant (14, 15) , neuroprotective (16, 17) and anti-inflammatory effects (18) , and polysaccharide has anticancer activity (19) . As a whole, Spica Prunellae has also been reported to exhibit immunosuppressive activity (20) , anti-angiogenic activity (21) , vascular inflammation properties (22) , anti-estrogenic activity (23), anti-HIV activity (24, 25) , and anticancer activity (19, 26) . With regards to the anticancer activity of Spica Prunellae, research has demonstrated that it can promote cell apoptosis (9, 27, 28) , regulate the cell cycle (28, 29) , as well as suppress cell invasion and migration (26) . Furthermore, this anticancer activity was mediated by a variety of genes, including Bcl-2, Bax, Bad, c-Jun N-terminal kinases (JNK), caspase-3 and signal transducer and activator of transcription 3 (STAT3) (9, 26, 30) . miRNAs are a cluster of small non-coding RNA molecules containing 20-25 nucleotides, which play crucial roles during transcription and post-transcriptional regulation of gene expression (31) . miRNAs can suppress tumor growth, progression and metastasis by regulating and stabilizing the metastatic nature of cancers (32) . miR-34a is a tumor suppressor of the miR-34 family, which can regulate Bcl-2, Notch1 and Notch2 expression to promote apoptosis of cancer cells (33) (34) (35) . Since Bcl-2 is also mediated by Spica Prunellae (9,30), we hypothesized that miR-34a must take part in the antitumor activity for Spica Prunellae.
We previously demonstrated that Spica Prunellae suppressed cell proliferation with G1/S cell cycle arrest and promoted mitochondrion-dependent apoptosis in HT-29 colon cancer cells (27, 29) . Moreover, it inhibited tumor angio genesis in vitro and in vivo (21, 26) . Our present study reveals that EESP can suppress the growth of HCT-8 colon carcinoma cells and promote cell apoptosis. We propose a likely mechanism of EESP function, via the activation of miR-34a pathway and its regulation of Notch1, Notch2 and Bcl-2 expression. These findings provide important insight into understanding the role of miR-34a in regulating the antitumor activity for Spica Prunellae, and establish a theoretical basis for the prevention and clinical treatment of CRC.
Materials and methods
Preparation of EESP. Prunella vulgaris L. plants were purchased from Guo Yi Tang Chinese Herbal Medicine store (Fujian, China). The herb was collected from Hunan Province in China. The extraction and the chemical profile of EESP were prepared by Lin et al (26) . EESP powder was then dissolved with DMSO to a stock concentration of 500 mg/ml. The final concentration of DMSO in working solution for all experiments was ≤0.4%.
Cell culture. Human carcinoma HCT-8 cells were obtained from Nanjing Kaiji Biological Technology Development Co., Ltd. (Nanjing, China). RPMI-1640 medium, fetal bovine serum (FBS), trypsin-EDTA and penicillin-streptomycin were obtained from Hyclone (Carlsbad, CA, USA). The cells were cultured in RPMI-1640 medium supplemented with 10% FBS, 100 U/ml penicillin and 100 µg/ml streptomycin (Hyclone), in a 37˚C humidified incubator with 5% CO 2 .
Cell viability evaluation and IC 50 determinations. HCT-8 cells were seeded with a density of 0.5x10 4 cells/ml in 96-well plates. Cell culture medium was replaced with different concentrations (0, 0.25, 0.50, 0.75, 1.00, 1.25 and 1.50 mg/ml) of EESP for 48 h at 80-90% cell confluency. Cell viability was determined at 570 nm using 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) colorimetric assay with ELX800 (BioTek, Winooski, VT, USA). Subsequent cell survival rates and IC 50 of EESP were calculated and analyzed using SPSS 16.0 software.
Colony formation. HCT-8 cells were seeded with a density of 2x10
5 cells/ml into 6-well plates. After treatment with different concentrations (0, 0.25, 0.50, 0.75 and 1.00 mg/ml) of EESP for 48 h, cells were collected and reseeded with a density of 1x10 3 cells/well in new 6-well plates. Cells were maintained in RPMI-1640 medium supplemented with 10% FBS, penicillin and streptomycin for 2 weeks. The resulting cell colonies were fixed using methanol, stained with 0.01% crystal violet and counted. Transfection. HCT-8 cells were seeded with a density of 2x10 5 cells/ml in 6-well plates and transfected with miR-34a inhibitor (RiboBio Co. Ltd., Guangzhou, China) or negative control with Lipofectamine 2000 (Life Technologies Corp., Shanghai, China) according to the manufacturer's instructions when cells are at 50-60% confluency. Transfections were performed in triplicate independent experiments. After 24 h, culture medium was replaced by the IC 50 volume of EESP for 48 h.
Apoptosis detection by flow cytometry analysis with
RNA preparation. Total RNA of cells was extracted using TRIzol reagent (Life Technologies, Grand Island, NY, USA) according to the manufacturer's instructions. Nanodrop spectrophotometer (Nanodrop Technologies, Oxfordshire, UK) was used to assessed the quantity and quality of RNA.
RT-qPCR. cDNA synthesis was carried out following the instruction of PrimeScript™ RT reagent kit with gDNA Eraser: Perfect Real-time (Takara, Dalian, China). The RT-primers of miR-34a were designed based on Chen et al (36) . Primers for U6 was designed by Primer Premier 5.0 (37), primers for miR-34a was provided by Yang et al (38) Statistics analysis. Data are presented as mean ± SD. Statistical significance of differences was assessed by one way ANOVA or Independent-Samples t-test using SPSS 16.0 software. A P-value of <0.05 was considered to indicate a statistically significant difference. Data for RT-qPCR were analyzed by ∆∆Cq method (39) .
Results

EESP suppresses the cell growth of HCT-8 cells.
We examined the cell survival rate of HCT-8 cells following EESP treatment using MTT assay. Cell viability decreased significantly by 82.46-18.31% following 0.5-1.5 mg/ml of EESP treatment for 48 h, compared to untreated control cells. Based on these data, we calculated the IC 50 value of EESP to be 0.77 mg/ml (Fig. 1A) . In addition, we performed colony formation assays to determine the cell proliferation of HCT-8 cells following EESP treatment. There was a dose-dependent reduction in the number of cell colonies by 94.34-0.43% following EESP treatment, compared to untreated control cells (Fig. 1B and C) . These results demonstrated that EESP suppressed HCT-8 cell growth in a dose-dependent manner.
EESP induces apoptosis of HCT-8 cells.
We determined whether the suppression of HCT-8 cell growth following EESP treatment was due to apoptosis. There was a significant dose-dependent increase in the percentage of apoptosis which consisted of early and late apoptotic in HCT-8 cells ( Fig. 2A and B) . This indicated that EESP could induce apoptosis of HCT-8 cells.
EESP upregulates endogenous miR-34a expression while downregulating its target genes in HCT-8 cells.
Previous studies have found that miR-34a can promote cell apoptosis by regulating Bcl-2, Notch1 and Notch2 (33) (34) (35) . Therefore, we wished to determine the potential role of miR-34a pathway in Spica Prunellae, due to the ability of EESP to induce HCT-8 cell apoptosis as demonstrated above. There was a significant upregulation in miR-34a expression following treatment of EESP at IC 50 for 48 h, whereas the relative mRNA expression levels and protein levels of its target genes (Bcl-2, Notch1 and Notch2) were significantly downregulated (Fig. 3A-D) .
EESP can rescue miR-34a-induced downregulation of Bcl-2, Notch1 and Notch2 expression.
In order to verify that the effect of EESP was via activation of miR-34a pathway, we transfected miR-34a inhibitors into HCT-8 cells following EESP treatment to observe its antagonistic effects. With transfection of miR-34a inhibitors, the level of endogenous miR-34a was significantly decreased whereas its target genes Bcl-2, Notch1 and Notch2 were all increased significantly (Fig. 4A-D) . In contrast, following EESP treatment, transfection of miR-34a inhibitors resulted in a significant downregulation of miR-34a target genes (Bcl-2, Notch1 and Notch2), which was consistent with our previous results (Fig. 3A-D) . These results indicated that EESP can antagonize the effect of miR-34a inhibitors by increasing endogenous miR-34a expression. Furthermore, its regulation of miR-34a was most likely by targeting multiple oncogenes. Taken together, we revealed that EESP can rescue miR-34a-induced downregulation of Bcl-2, Notch1 and Notch2 expression.
Discussion
Conventional cancer chemotherapy is presented with various shortcomings, including increased drug resistance and adverse effects. Therefore, the use of natural products for treatment has received increased interest due to the potential for fewer side-effects. Currently, the use of TCM is the most common form of natural treatment, often used clinically for cancer therapy (40, 41) . Spica Prunellae is a well-known ingredient in TCM which is used for the clinical treatment of many cancers (42, 43) . Previous research into the anticancer mechanisms of Spica Prunellae was mainly focused on it protein expression, and currently very little is known on the basis of its miRNA expression. Our present study focuses on the miRNA expression of Spica Prunellae, and provides miR-34a is a member of the miR-34 family, which can suppress tumor growth and metastasis by repressing cell cycle, epithelial-to-mesenchymal transition (EMT) and metastasis, while promoting apoptosis and senescence (44) . In our study, EESP inhibited growth of human colon carcinoma HCT-8 cells and induced cell apoptosis. With miR-34a upregulation, its target genes Notch1, Notch2 and Bcl-2 were repressed following EESP treatment. Since these target genes were oncogenes and had apoptosis-targeting therapeutic potential in cancers (45) (46) (47) , the results suggested that EESP might suppress growth of human colon carcinoma cells through promoting cell apoptosis by targeting Notch1, Notch2 and Bcl-2 via activating miR-34a (Fig. 5) . Moreover, if miR-34a was the only downstream target for EESP, with miR-34a suppression by its inhibitor, the anticancer effect of EESP should be weakened or even disappeared in theory. However, compared with levels of cells transfected with miR-34a inhibitor only, the expression levels of Notch1, Notch2 and Bcl-2 were all downregulated significantly following the treatment of EESP with miR-34a inhibitor (Fig. 4) . With these results, we believed that EESP could suppress expression of Notch1, Notch2 and Bcl-2 not only via miR-34a. In addition, previous work indicates that miR-34a suppressed tumors by the induction of cell apoptosis or cell cycle arrest (48) . The process was mediated by the inhibitory effects of miR-34a on CDK4, CDK6, E2F3, cyclin D1, cyclin E2, c-MET, c-MYC and SIRT1 (48) (49) (50) . We believed that the inhibition of cancer cells growth by miR-34a following EESP treatment must be achieved via targeting of multiple oncogenes besides the targets we studied above. As it consists of various compounds, EESP is involved in multiple pathways and targeted in various genes (51) . Our results provide the possibility that EESP also suppress tumors or cancer cells through other pathways. The addition pathways await further investigation.
Notch signaling pathway is important for various developmental processes controlling cell fate decisions (52, 53) . It is triggered through the binding of a ligand like Jagged/Delta/ Delta-like/Serrate on the membrane of one cell to a receptor such as Notch1/Notch2/Notch3/Notch4 on the membrane of the contacting cell (54) . After activation, the cleaved Notch would release the cytoplasmic tail of NOTCH (NICD). With NICD translocated into the nucleus, it would associate with transcriptional factors and then regulate its target genes and modulate cell fate (55) . In Notch pathway, some targets of miR-34a including Notch ligands such as Delta-like1 (Dll1), Jagged1 (JAG1) and transcription factor hairy and enhancer of split-1 (HES1) (56) (57) (58) were reported, it does not rule out the possibility that they also take part in the mechanism as targets of miR-34a following EESP treatment. It is noteworty that Notch1 and Notch2 were found to induce apoptosis through Bcl-2 (59, 60) , with the fact that Notch1, Notch2 and Bcl-2 were downregulated following EESP treatment, we speculated that the repression of Bcl-2 following EESP treatment may be a consequence of regulation of both miR-34a and Notch1/Notch2 (Fig. 5) . Future studies should address this hypothesis.
In summary, our study revealed that EESP suppresses the growth of HCT-8 cells by targeting multiple oncogenes via activation of miR-34a pathway. It helps us to understand the effect for the anticancer activity of EESP better. We propose that the regulation of miR-34a is the likely mechanism for the anticancer activity of Spica Prunellae, although whether it can also induce cell apoptosis by directly regulating the expression of miR-34a target genes still requires further investigation.
